Background: This study extends the findings of our previous examination of the relationship between obesity and depression in Korean adults. Here, we further investigate the relationships among body image perception, weight control method, and depression based on data from the Korea National Health and Nutrition Examination Survey in 2014 and 2016. Methods: In total, we analyzed 11,782 participants. We classified them into four groups according to body mass index (BMI): underweight (BMI <18.5 kg/m . Current depression was defined as a score of at least 10 on the nine-item Patient Health Questionnaire. We performed chi-square tests and multivariate logistic regression analyses to examine the relationships among BMI, body image perception, method of weight control, and depression. Results: Depression was diagnosed in 6.5% of the study participants. The underweight group had the highest odds ratio (OR) for depression (OR, 1.94; 95% confidence interval [CI], 1.42-2.65). Further, participants in the extremely lean subgroup within the underweight group had an even higher OR for depression (OR, 3.06; 95% CI, 2.28-4.10). Regarding weight management methods, the rate of depression was higher for fasting and for skipping or reducing a meal than for exercise. Conclusion: Biased BMI and body image perception are associated with increased incidence of depression. In addition, specific weight control methods, such as fasting, skipping a meal, and reducing food consumption, are also associated with increased incidence of depression.
INTRODUCTION
Obesity has been increasing worldwide over the last several years. In 2016, more than 650 million adults aged 18 years and older were obese, which is a 13% prevalence. 1 The obesity rate is simi-factor of osteoporosis 8 and diabetes. 9 Studies have shown that mortality is increased with being underweight. 10, 11 Furthermore, body image can influence BMI, behavior, self-esteem and interpersonal relationships. 12 Body image is meaningful, in addition to actual BMI. 13 Previously, we investigated the relationship between obesity and depression. 14 In the present study, we investigate not only the association between BMI and depression, but also the relationships among body image perception, weight control method, and depression.
METHODS

Study population
In this study, we used a randomly selected population from the categorized nationwide data of the Sixth and Seventh Korea Na- 
Clinical variables
We classified the participants into four groups according to BMI: underweight (BMI < 18.5 kg/m KNHANES of 2014 and 2016 included a self-PHQ-9 depression-screening test. PHQ-9 scores measure depression symptoms and are also used as a diagnostic criterion in the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, for depressive disorders. [16] [17] [18] We defined a PHQ-9 score of 10 or higher as indicating depression.
We also measured sociodemographic variables of age, sex, educational level, household income, residential area, and marital status.
Level of education was classified as elementary or lower ( ≤ 6 years of school), middle school ( ≤ 9 years of school), high school (10-12 years of school), and college or above ( ≥ 13 years of school).
For household income, monthly household income was divided by the number of family members and classified into quantiles. Area of residence was divided into urban and rural. For marital status, those with a spouse or living with a partner were defined as married, and single participants were defined as never married.
The health behavior variables were smoking, drinking, periodic physical activity, and stress perception. Smoking status was categorized as current smoker, past smoker, and nonsmoker. Alcohol status was divided into two groups according to monthly drinking frequency in the past year: less than once a month and more than once a month. Regular physical activity was defined as performing more than 2.5 hours of moderate-intensity physical activity per week, more than 1.25 hours of high-intensity physical activity per week, or a corresponding amount of both moderate-and high-intensity physical activity (1 minute of high-intensity activity equaled 2 minutes of moderate-intensity activity) per week. Stress perception was classified as low or high.
Participants diagnosed with any type of cancer (stomach, liver, colon, breast, lung, uterine cervical, thyroid, and other) were classified into the cancer groups, and those who were diagnosed with any disease of hypertension, dyslipidemia, stroke, myocardial infarction, angina, diabetes, renal failure, liver cirrhosis, hepatitis B virus (HBV), or hepatitis C virus (HCV) were considered to have comorbidities.
Statistical analysis
All statistical analyses were performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA). The study sample was stratified into four groups based on BMI, as described above. 
RESULTS
Baseline characteristics
The baseline characteristics of the study population according to BMI groups are shown in Table 1 . We found that 6.5% of the participants had depression with PHQ-9 scores of 10 or greater. In relation to BMI, the percentage of participants with depression was the highest in the underweight group (11.3%) followed by the obesity stage II (8.3%), obesity stage I (6.3%), and normal-tooverweight groups (6.2%). The proportion of female participants was the highest in the underweight group (70.6%). In general, the proportion of male participants increased with BMI. Regarding age, the percentage of participants in their 20s was the highest in the underweight group (27.7%) followed by participants in their 30s (23.4%). The proportion of cancer prevalence was higher in the underweight and normal-to-overweight groups (2.5% and 2.4%, respectively) than in the obesity groups. The proportion of those with comorbidities (hypertension, dyslipidemia, stroke, myocardial infarction, angina, diabetes, renal failure, liver cirrhosis, HBV, or HCV) was higher in the obesity groups (stage I, 41.4%
and stage II, 42.0%) than in the underweight group. Drinking frequency in the underweight and normal-to-overweight groups was low at less than once a month (66.5% and 63.3%, respectively) and high in the obesity groups at more than once a month (stage I, 46.6% and stage II, 50.9%, respectively). The percentage of participants who did not engage in moderate or vigorous physical activity was high in all BMI groups. The proportion of stress perception was the highest in the underweight group (36.4%). 
Relationship between BMI group and depression
Relationships among body image perception, weight control method, and depression
We classified the participants having PHQ-9 scores of 10 or higher according to their BMI and surveyed their perceived body image. The underweight group tended to think that they were extremely lean (60%) or slightly lean (30% Table 3) . Table 4 shows the results of our logistic regression analysis of depression risk according to perceived body image. With reference to a perception of normal body image, the risk of depression was the highest for perceptions of extremely lean, followed by extremely obese, slightly lean, and slightly obese (OR, 3.06; 95% CI, 2.28- Table 4) .
Regarding the presence of depression according to weight management method across BMI groups, the prevalence of depression was the highest for any manner of fasting, skipping a meal, or reducing the amount of food consumption. The prevalence of depression was next highest with exercise, followed by diet pills and one-food diets (Table 5) . 
DISCUSSION
We had earlier examined the association between BMI and depression, finding that the risk for depression was higher in the underweight group than in the obesity groups. 14 In the underweight group, the proportions of women and younger adults in their 20s
and 30s were high, as was the prevalence rate of cancer. Drinking frequency was low, and stress perception was the highest in the underweight group. These results seem to reflect the fact that younger participants in their 20s and 30s are affected by the social ideology preference for a thin-beyond slim-figure for women.
Our multivariate analyses revealed that the risk for depression was high in the underweight group and among participants who perceived themselves to be extremely lean or extremely obese. In addition to BMI, perception of body image significantly affected depression. In our analysis of the presence of depression according to weight control method, the prevalence of depression was the highest with fasting, skipping a meal, and reducing food consumption.
Among participants with depression, defined as a PHQ-9 score of 10 or higher, actual BMI and perceived body image were generally consistent. However, in contrast to our findings, some studies have found that actual BMI is not in accordance with perceived body image.
One Korean study investigated the degree of discordance between BMI and body image in adults using data from 172,132 participants in the 2010 Community Health Survey. About 25% of the participants showed a discordance between BMI and body image, 20% showed underestimation and 5% showed overestimation. Furthermore, the discordant BMI and body image group reported low physical activity. Chinese girls were in the lower actual BMI group, and they more often desired a thinner body. About 11% of the children attempted to lose weight and believed they engaged in little physical activity. 21 Several previous studies reported that, compared to those who had a thin body image of themselves in childhood, people who perceived themselves as being fat in childhood showed more weight gain in addition to several other factors, such as exercise stress and low self-esteem, in adolescence. [22] [23] [24] [25] [26] In contrast, the above Chinese study found that having a fat body image helped children to realize the need for weight loss, attempt to go on a diet, and recognize that they engaged in little exercise, thereby serving as a source of self-motivation to achieve average weight. 21 The study suggests that appropriate body image perception motivates individuals to change their health behavior.
Currently, modern Korean society features a sociocultural trend to focus on appearance, and particularly, younger adults and women desire to have the ideal body figure featured in public media.
Their dissatisfaction with their own body image increases when their actual body image is inconsistent with the socially ideal body image. Additionally, people try to monitor and control their bodies to adhere to the ideal standard shown in public media. This may cause mental stress and depression. Body image dissatisfaction is related to self-esteem and affects interpersonal relationships and social productivity.
Therefore, society needs to focus its attention and systematic support on attempts to achieve body weight that is healthy and not just esthetically pleasing. Cognitive behavioral therapy is one approach to help individuals to control weight healthily and continuously. 27 Our study is cross-sectional and has related limitations. we could not examine such changes because our study was not longitudinal. Two strengths of the study are our using data from a large, nationwide Korean-representative survey and that it is the first to study these variables in Korea.
Biased BMI and body image perception are associated with increased incidence of depression. In addition, specific weight control methods, such as fasting, skipping meals, and reducing food consumption, rather than exercise, are associated with increased incidence of depression. Therefore, healthy methods to establish healthy body image and maintain normal-range BMI should be considered.
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